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Abstract. 
 
The seismic potential of any regional seismogenic area is analyzed in terms of the “open physical system” inflow – outflow 
energy balance model (Thanassoulas, 2008, Part – I). Following the magnitude determination method presented by Thanassoulas, 
(2008, Part – II) any region of any arbitrary area extent is assumed as being a potential seismogenic region. Consequently, the 
capability for the generation of a maximum magnitude future EQ at each virtual seismogenic region is investigated all over Greece 
at certain times. The later results are used to compile maps of the seismic potential / maximum expected EQ magnitude for 
Greece at 5 year’s intervals ranging from 1970 to 2000. The comparison of these seismic potential maps / maximum expected EQ 
magnitude to the corresponding seismicity (M>6R) for each corresponding 5 years period reveals their tight interrelation. 
Therefore, the calculated seismic potential / maximum expected EQ magnitude, due to its drastic change in time in any 
seismogenic region, is a dynamic in time parameter which indicates the seismic energy charge status of each seismogenic area.  
 
 
1. Introduction. 
 
The terms “seismic hazard” and “seismic risk” are, very often, referred to in the seismological and engineering geology 
studies. 
The term “seismic hazard”, at any place, refers to a quantity (H), its magnitude being the expected intensity of the ground 
motion at this place. The later, can be expressed as (Papazachos et al 1985, 1989, Tselentis 1997) the expected ground 
acceleration, ground velocity, ground dislocation and the expected, macroseismic intensity (l).  
The term “seismic risk” (R) refers to the expected results (damages in buildings, deaths etc) from the occurrence of an 
earthquake and depends strongly on the seismic hazard of the same place. The term (R) of the seismic risk can be expressed as 
the convolution of the seismic hazard (H) to the vulnerability (V) of a technical construction. Therefore, the following equation 
holds: 
 
R = H * V                       (1) 
 
 
Tselentis (1997) presents the following, holding equation for the seismic risk: 
  
 
R = H(e, μ, s)*T            (2) 
 
 
Where, (R) is the seismic risk, (H) is a non-linear parametric (e, μ, s) equation with (e) being the earthquake source 
parameters, (μ) is the propagating elastic waves media, (s) is the local conditions and (T) is the vulnerability of the technical 
constructions. 
A seismic risk study, at a certain place, has a strong probabilistic – stochastic character and therefore all parameters that 
can contribute to an excess ground motion at a probabilistic level, are taken into account. 
The results of a seismic risk study are presented in various forms. Probabilistic graphs vs. Mercalli scale, excess of 
spectral velocity and maps of spatial distribution of expected ground velocity are some of them. 
A typical, seismic risk study of a place includes (Tselentis, 1997) the four following basic steps: 
 
 
- Identification of the near-by earthquake sources. 
 
- Determination of the statistical model that prescribes the earthquake sources and the expected, maximum magnitude due 
to each one of them. 
 
- Determination of the best amplitude decay of the seismic waves of each seismic source. 
 
- Determination of the probability for non-exceeding any ground motion parameter level. 
 
 
Maps of the spatial distribution of seismic hazard of Greece were presented in the past (Makropoulos et al. 1985, 
Papazachos et al. 1985, 1989). Furthermore, the Greek territory was divided in four (I, II, III, IV) zones of different expected 
ground acceleration, as a function of the recurrence mean time value, and the intensity (I) of a future, seismic event. This 
particular former seismic hazard map of Greece is presented in the following figure (1).   
 
  
 
 
 
 
 
 
 
Fig. 1. Former, seismic hazard zoning is presented for the Greek 
territory (Papazachos et al. 1989, OASP). 
 
 
This map has already being revised, due to the large seismic events that took place in Greece, during the last decade 
(1990 – 2000). The new map is divided into three zones and presents a close resemblance to the one of figure (1).  
 Following the mathematical analysis which is presented by Papazachos et al. (1989), it is made clear that the seismic 
hazard map of Greece is based mainly on probabilistic seismic data, as far as it concerns the parameters of the earthquake 
sources. 
The later was verified, when Kozani earthquake (6.6R, 13/05/1995) and Athens earthquake (5.9R, 7/9/1989) took place at 
areas, which were considered before as, more or less, aseismic.  
Therefore, that map should be modified, as soon as possible, whenever new, seismic data are available from earthquakes 
that have already occurred, or even better, it should be modified according to already known data, from areas that are being highly 
charged with strain energy and consequently strong earthquakes are expected to occur, within some period of time (a few years). 
In the recent decade, a seismological research trend was developed towards earthquake prediction (medium term 
prediction) by the use of accelerating seismic energy release or accelerated deformation, as it is very often referred to. Main 
(1995), studied the earthquakes from the point of view of a critical phenomenon. Varnes (1987a, b, 1989), related the released, 
seismic energy to earthquake foreshock sequences in an attempt to predict earthquakes by analyzing accelerating, precursory 
seismic activity. A simple, in time (t), empirical power law failure function was postulated by Bufe and Varnes, (1993) that relates 
the parameters of the remaining time (tc-t) to the occurrence of the imminent strong EQ and its corresponding magnitude (M) to 
the seismic moment release.  In the same area of Statistical Physics, Main (1996) showed that the cumulative, seismic strain 
release increases as a power law time to failure before the final event.  Bowman et al. (1998) used the concept of cumulative, 
seismic strain release that increases as a power law time to failure, before the final event. Moreover it was found that the critical 
region of radius (R) and the magnitude of the final event (M) are correlated as: Log(R) = 0.5M, suggesting that the strongest 
probable event, in a given region, scales with the size of the regional fault network.  
Papazachos et al. (2000, 2001, 2001a, 2002), applied the same methodology to the Aegean area, Greece. In this case, 
ellipses were taken into account for the critical regions, which correspond to circles of radius (R) with equal area. Di Giovambatista 
et al. (2001) studied the accumulated Benioff strain before strong earthquakes, by using the time-to-failure model, and presented 
examples from strong earthquakes that occurred at the Kamchatka and in Italy. Tzanis et al. (2003) related the crustal deformation 
in SW Hellenic ARC to the distributed power-law seismicity changes.  
Following this methodology, it is obvious, theoretically, that areas of increased probability, for the occurrence of a strong 
EQ, can be identified in advance and therefore, the expected, maximum magnitude of an imminent EQ, at any place, will affect, 
accordingly, the seismic hazard, calculated, for it. 
Such maps, prepared for the entire Greek territory, will modify, accordingly, the seismic hazard map, proposed by the 
seismologists, which are, already, in use by the state authorities.  
The above methodology has a main drawback. The acceleration of seismic energy release is not a universal process that 
is observed before all strong earthquakes. The application of the time-to-failure model, for the estimation of the magnitude and 
moment of a future, strong earthquake, is possible only in case when a tendency to acceleration is observed in the release of 
seismic energy in the vicinity of its epicenter. Moreover, it does not distinguish between the earthquake swarm and the foreshock 
activation. 
This work presents a different approach in preparing such maps. These maps can be compiled, in particular, by the 
application, all over the Greek territory, of the energy flow model of the lithosphere (Thanassoulas et al. 2001, Thanassoulas 2007, 
2008a, b) on the past seismic data. 
Particularly, any area of any extent can be considered as a virtual seismogenic area. Therefore, its past seismic history 
can be studied. Consequently, the stored seismic energy in this region can be calculated following the method presented by 
Thanassoulas (2008, Part – II). This operation can be repeated on a regular grid over a seismogenic country (i.e. Greece) and the 
obtained results can be used for the compilation of maps for the spatial distribution of the seismic charge / seismic potential (in 
terms of expected maximum magnitude of a future EQ) of it. The operation can be repeated in different times so that the change in 
time of the seismic potential / expected maximum magnitude of a future EQ can be evaluated. 
  
 
2. The data.  
  
The used seismic data were downloaded from the National Observatory of Athens, Institute of Geodynamics, (NOA), 
Greece.  
Greece is, initially, entirely considered as a unit critical seismogenic region and the lithospheric energy flow model was 
applied over it. 
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The cumulative energy (Ec) vs. time graph (fig. 2), for the period 1950 – 2002, reveals the presence of several (A, B, C) 
linear parts of it, with different energy flow rate values (EFLs).  These linear parts are intermitted by periods (1, 2, 3, and 4) of 
intense, seismic activity. 
 
 
 
 
 
 
 
 
 
Fig. 2. Greece’s cumulative energy release is presented for 
the time period 1950 – 2002 (Thanassoulas et al., 2003). 
 
 
 The continuous decrease of the EFL values (energy flow rate), which is observed from 1950 to 2002, indicates that for the last 
52 years, Greece, was charged continuously with seismic strain energy that will be released some time in the future, at some seismically 
prone areas. 
Consequently, two questions must be answered: 
 
- Which areas have been charged, in excess, with seismic strain? 
 
- What is the expected maximum value of a future earthquake, for the next i.e. five year’s period, for each area?  
 
The following procedure was followed, in order to answer these two questions. 
 
 
3.  Application of the method – examples.   
  
The lithospheric energy flow model was applied over the Greek territory, by using a grid shell of 100 x 100Km. That shell 
slides all over Greece, in steps of 50Km from West to East and from North to South. As a result of this operation, an overlapping 
of 50% was applied on the obtained results and a final grid of 50 x 50Km shell was resulted.   
This procedure is presented in the following figure (3). 
 
 
 
 
 
 
 
 
 
Fig. 3. Size of grid shell (blue frame) is shown and its movement 
over the Greek territory. A = shell movement from West to East. 
B = shell movement from North to South. Both movements are 
performed at steps of 50Km. 
 
For each shell position and for each defined area, the corresponding, cumulative energy vs. time function, for the time 
period 1950 - 2000 was calculated. Determinations were made for the seismic energy strain charge potential, in terms of expected 
maximum magnitude, for a future earthquake, by using this graph and following the lithospheric energy flow model procedure. As 
a time basis for these calculations the years 1970, 1975, 1980, 1985, 1990, 1995, and 2000 were adopted, while the expected 
magnitude was calculated for each next five years period. For example, the calculation for the year 1980 indicates the maximum, 
expected magnitude for a strong earthquake in the period of 1980 – 1985. 
The used shells total to a number of (323) and the obtained maximum expected magnitudes for the different time periods 
were used to compile the corresponding maps.  These maps present the strain charge status spatial distribution all over Greece, 
in terms of maximum magnitude of a potential, future (within the next five years from the date of the map) earthquake. 
Following, are the compiled maps for the corresponding periods of time. These maps are presented in two forms: 
 
- The first one presents the spatial distribution of the entire range of the expected maximum magnitude of a possible, future 
earthquake over the Greek territory. 
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- The second presents the same results, as above, but with a low threshold level of magnitude set at 6 R.  This facilitates 
to identify more easily the areas which are highly strain-charged and therefore, prone to intense, seismic activity. 
 
In each map, a chromatic bar indicates the corresponding expected earthquake magnitudes in Richter scale. The compiled 
maps are presented in the next pages as follows: 
Year: 1970 
 
A.      B.  
 
Fig. 4-5. A: compiled map based on data from 1950 to 1970 and expected potential earthquake magnitudes up to year 1975. 
B: the same as A, but a threshold of 6R was used.
 
 
Year: 1975 
 
A.     B.  
 
Fig. 6-7. A: compiled map based on data from 1950 to 1975 and expected potential earthquake magnitudes up to year 1980. 
B: the same as A, but a threshold of 6R was used. 
 
 
Year: 1980 
 
A.     B.  
 
Fig. 8-9. A: compiled map based on data from 1950 to 1980 and expected potential earthquake magnitudes up to year 1985. 
B: the same as A, but a threshold of 6R was used. 
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Year: 1985 
 
A.     B.  
 
Fig. 10-11. A: compiled map based on data from 1950 to 1985 and expected potential earthquake magnitudes up to year 1990. 
B: the same as A, but a threshold of 6R was used. 
 
 
Year: 1990 
 
A.    B.  
 
Fig. 12-13. A: compiled map based on data from 1950 to 1990 and expected potential earthquake magnitudes up to year 1995. 
B: the same as A, but a threshold of 6R was used. 
 
 
Year: 1995 
 
A.    B.  
 
Fig. 14-15. A: compiled map based on data from 1950 to 1995 and expected potential earthquake magnitudes up to year 2000. 
B: the same as A, but a threshold of 6R was used. 
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Year: 2000 
 
     
 
Fig. 16-17. A: compiled map based on data from 1950 to 2000 and expected potential earthquake magnitudes up to year 2005. 
B: the same as A, but a threshold of 6R was used. 
 
 
The subsequent maps are presented in order to validate the used method and the results which are obtained through it. On 
each map, which represents a specific period of time, the corresponding strong earthquakes (Ms >= 6R) which occurred during the 
next five years were superimposed. The percentage of the total earthquakes that occurred, in the predefined area (Ms>=6R), is 
calculated as a measure of the success of the method. That is the ratio of: 
 
P = EQin / EQtot                (3) 
 
Where P is the success percentage, EQin is the number of earthquakes that occurred in the predefined area and EQtot is 
the total number of the strong EQs that occurred in the specific period of time in the Greek territory. 
 
 
Period: 1970 – 1975 
 
 
 
Fig. 18. Strong seismic events (red circles, Ms> = 6R) during the period 1970 – 1975. 
EQtot = 4, EQin = 4,  P = EQin / EQtot =  100% 
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Period: 1975 – 1980 
 
 
 
Fig. 19. Strong seismic events (red circles, Ms>=6R) during the period 1975 –1980. 
EQtot = 8, EQin = 5, P = EQin / EQtot = 62.5% 
 
 
Period: 1980 – 1985 
  
 
 
Fig. 20. Strong seismic events (red circles, Ms>=6R) during the period 1980 – 1985. 
EQtot = 17, EQin = 15, P = EQin / EQtot = 88.2% 
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Period:1985 – 1990 
 
 
 
Fig. 21. Strong seismic events (red circles, Ms>=6R) during the period 1985 – 1990. 
EQtot = 3, EQin = 3, P = EQin / EQtot = 100% 
 
 
Period: 1990 - 1995 
 
 
 
Fig. 22. Strong seismic events (red circles, Ms>=6R) during the period 1990 – 1995. 
EQtot = 9, EQin = 7, P = EQin / EQtot = 77.7% 
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Period: 1995 - 2000 
 
 
 
Fig. 23. Strong seismic events (red circles, Ms>=6R) during the period 1995 – 2000. 
EQtot = 8, EQin = 6, P = EQin / EQtot = 75% 
 
 
Period: 2000 - 2003 
 
 
 
Fig. 24. Strong seismic events (red circles, Ms>=6R) during the period 2000 – 2003. 
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For the last period (2000 – 2003), the (P) value had not been calculated, since the seismic activity was still in progress 
(Thanassoulas et al., 2003) and two more years had to elapse. This map was compiled on 2003, when this work was presented for 
the first time. A refreshed map (compiled for the year 2005) will be presented and discussed in the subsequent text. 
 
 
4.  Discussion – Conclusions. 
 
The Greek territory, considered as a unit area, appears to be continuously charged with seismic energy, since 1950. This 
is the result of the application of the energy flow model that indicates a continuous decrease, in total, of the seismic energy 
release in the Greek area. The later, is demonstrated, in figure (2), where the energy flow rate (EFL) values decrease, along time, 
since 1950 and consequently, excess seismic energy is stored in the lithosphere. Therefore, it is expected that, some time in the 
future, the stored, seismic energy will be released through the occurrence of some strong seismic events (Thanassoulas et al., 
2003).  
The detailed study of the prepared maps (fig. 4 – 17), for consecutive periods of 5 years (1970 – 2000), reveals the 
dynamic character of the seismic potential / maximum expected magnitude. A significant increase of seismic, potential charge is 
observed even within a five years period.    
The observed, increased values of the seismic potential, in all the prepared maps, are distributed along the axis of the North 
Anatolian Fault Zone and the Southern Aegean Seismic Arc. The later, complies with the seismological observations which 
concern the spatial distribution of the strong seismic events in the Greek territory. 
The periods of time, when the seismic potential has reached large levels, is indicated by the presence of expected 
earthquake magnitudes levels larger than seven (7R). A very good example of the later is demonstrated in figure (20) for the 
period 1980 – 1985. The compiled map for the year 1980 indicates the presence of three centers of large seismic potential 
accumulation (Ms >7R, Kefalonia island, Korinthos – Alkyonides – Thiva area, Limnos island). In the next five years (1980 – 1985) 
that followed, 17 strong (M>6R) seismic events occurred, releasing a significant amount of seismic energy. The later is made clear 
by the next compiled map (fig. 21, 1985) and the small number of strong seismic events that occurred (only 3) in the following five 
years period (1985 – 1990). 
What is more important, as a result of the comparison of the maps to each other, is the fact that a period of large seismic 
activity discharges the Greek territory for only .5 – 1.0 R. Therefore, distinct areas can be considered as being at a state of 
continuous, large seismic charge (expected EQ levels up to 6R) and slight, occasional increases of stress, trigger strong seismic 
events in the same areas.  
In all these “prognostic” maps, which were compiled for the years 1970, 1975, 1980, 1985, 1990, 1995, 2000, were 
superimposed the corresponding large (Ms>6R) EQs for the next five years period of time. The percentage of success ranges from 
62.5%, for the period 1975 – 1980, to a value of 88.2%, which was achieved for the period 1980 – 1985, in a total of 17 strong 
EQS, which occurred during this period.  Obtained values of 100% for the percentage of success are based in a small number of 
strong seismic events and could be of no statistical value at all. Nevertheless, these seismic events still verify the validity of the 
method, used for the calculation of these seismic, potential maps.  
As far as it concerns the small number of the seismic, strong events that didn’t occurred in the predefined areas, it could 
be attributed to errors in compilation of these maps. A major error can be introduced by inadequate, available seismic data for the 
calculation of the cumulative energy graph (Ec) vs. time, for each used frame, during the application of the lithospheric energy 
flow model. 
The compiled seismic potential maps, for different periods of time, were compared with the Athens EQ (1999, Ms = 5.9R), 
Karpathos (2001, Ms = 6.6R) and Zakynthos-Kefalonia EQ (2003, Ms = 5.8R) strong seismic events in Greece.  
In the following figure (25), the seismic potential map of Greece, for the year 1995, is shown, along with the strong (Ms 
>6R) seismic events that occurred in the period 1995 - 2000. The red arrow indicates the place where the Athens EQ occurred 
(Ms = 5.9R). It coincides with the narrow area, of expected events of Ms >6.5R, observed, in the same place. A comparison of this 
map with the one in figure (22), compiled for the year 1990, indicates that seismic potential at the regional area of Athens was 
built-up during the time span of 1990 – 1995.  
 
 
 
Fig. 25. Seismic potential spatial distribution in Greece is presented for the year 1995. The red arrow indicates the location of 
Athens (1999) EQ. 
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A comparison of figure (25) with figure (24), of the seismic potential for the year 2000, reveals that there is still 
accumulated, large seismic potential, at a rather short distance, west of Athens. 
The next example concerns Karpathos strong EQ (2001, Ms = 6.6R).  The corresponding map of the seismic potential was 
compiled for the year 2000.  The red arrow indicates the location of the earthquake. The coincidence of its epicenter with the area 
of increased, seismic potential (expected EQ with Ms >6.5R) is more than evident. 
 
 
 
 
 
 
 
 
 
 
Fig. 26. Seismic, potential spatial distribution, in Greece is 
presented, for the year 2000. The red arrow indicates the 
location of Karpathos (2001) EQ. 
 
 
The last example refers to Zakynthos - Kefalonia (2003, Ms = 5.8R). The red arrow indicates the location of this EQ. Even if this 
EQ is not of a magnitude larger than 6R, it is still considered as a rather strong one and of significant magnitude since it occurred near 
inhabited areas. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 27. Seismic, potential spatial distribution in Greece is shown 
for the year 2000. The red arrow indicates the location of 
Zakynthos - Kefalonia (2003) EQ. 
 
 
 
Apart from the previous, presented examples, a statistical study was applied on the obtained results, as follows: 
 
 
a. the total number of strong seismic events, during the period 1970 – 2000, is equal to 50. 
 
b. the total number of the seismic events that occurred, in the predefined as seismically active areas, is 41. 
 
c. for the total period between 1970 – 2000 the P value is calculated as: 
 
P = 41/50 = 82% 
 
For the last compiled map (fig. 24), for the year 2000, it was not possible to calculate (on 2003) a P value, since two 
more years were left for completing the five years time interval, needed. Therefore, only a statistical extrapolation, as follows, 
was made, based, on the previous results (Thanassoulas et al. 2003).  
Since only one strong earthquake occurred in the period 2000 – 2003, and assuming the value of 82% is the correct 
one, then 5 more strong EQs are expected, within the next two years, four of them must occur in the predefined areas, so 
that the P value is: P = 5/6 = 83% that is very close to the calculated 82% (average value, calculated, for the entire time 
period of the study), and it is the result of the smallest pair of integer numbers found. 
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If a different scenario is followed, for a minimum P value found of 62.5% (period 1975 – 1980), then, by following the 
above procedure, it is found that four more strong EQs must occur, two of them in the predefined area, so that the P value 
is: P = 3/5 = 60% being very close to the assumed value of 62.5%. Regardless the used statistical hypothesis, 4 – 5 strong 
(Ms > 6R) seismic events were, theoretically, expected, to occur within the next period of time up to 2005, included 
(Thanassoulas et al. 2003). 
What was presented so far was the analysis of the data available up to 2003. Since five years have elapsed, from the 
time (2003) when the later scenarios had been presented, it is now possible to present the entire 2000 – 2005 period seismic 
potential map and to compare it with the “guesses”, made on 2003. This is shown in the following figure (28). 
 
 
 
Fig. 28. Strong seismic events (blue circles, Ms>=6R) during the period of time 2000 – 2005. 
 
 
The number of strong (M > 6R) seismic events that took place is seven (7) and four (4) of them are located in 
seismically charged areas. The calculated P value is: 
 
P = 4/7   or   57% 
 
If the double, seismic event of Hios Island (eastern Greece), is considered as of marginal success, then the P value 
becomes: 
P = 6/7   or     86% 
 
Actually, both hypothetical scenarios were superseded by a larger number of earthquakes (6) verifying thus the 
number of expected strong EQs in the period 2000 – 2005.  
It is worth to compare the former static, seismic hazard map (fig. 1), compiled by the seismological data only, with the 
seismic, potential maps, compiled, by the application of the energy flow model of the lithosphere. The later indicates, in 
medium term periods of time, the dynamic change of the seismic potential charge of the lithosphere and therefore, it can be 
used so that medium term measures against any seismic event, can be taken, by the State Authorities, in areas prone to 
intense, seismic activity. Consequently, the seismic hazard map of Greece (fig. 1) should be used along with the compiled 
seismic potential maps. The later should be recompiled frequently, since the current seismic potential changes dynamically, 
in medium time intervals, along the time span.  
Finally, using the earthquake data available up to 2008, an update is made of the figure (2) and is presented in the 
subsequent figure (29) aside of figure (2).  
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A.    B.    
 
Fig. 29. Greece’s cumulative energy release is presented for the time period 1950 – 2003 (A) and 1950 – 2008 (B). 
 
 
The comparison of figure (29, B) to the one of figure (29, A) suggests that the entire Greek territory is being subjected to 
accelerating deformation for the last 5 - 6 years. This is more evident after enlarging the last 8 years (1999 – 2008) of the graph 
(29, B). The later is presented in the subsequent graph of figure (30). 
 
 
 
Fig. 30. Enlargement of right end part figure (29, B) 
 
 
The accelerating deformation mode of figure (30) is enhanced by fitting a 6th degree time function presented in the 
following figure (31).  
 
 
 
Fig. 31. Time function of 6th order polynomial (black line) calculated from the raw cumulative seismic energy release data 
(red line) of figure (30). The two red arrows indicate multiple (4 and 2, M>6R) large seismic events in 2008. 
 
 
The two sudden steps in 2008, observed in the cumulative seismic energy release graph, correspond to the intense 
seismic activity which took place just recently. The first red arrow corresponds to a group of 4 earthquakes (M>6R) which took 
place in January and February of 2008, while the second red arrow corresponds to a group of 2 earthquakes (M>6R) which took 
place on June 2008. 
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A more indicative figure, referring to the accelerating deformation of the same time period, is presented by calculating the 
time - grad of the previously calculated 6th order time polynomial function. This operation is presented in the subsequent figure 
(32). 
 
 
 
 
Fig. 32. Time - grad calculated on the analytical expression of the 6th order time polynomial function. The two red arrows 
indicate multiple (4 and 2, M>6R) large seismic events in 2008. 
 
 
Hence, the statement made (on 2003 and pointed in this work) in section (2) as: “for the last 52 years, Greece, was 
charged continuously with seismic strain energy that will be released some time in the future, at some seismically prone areas” was 
validated quite faster than what it was expected to happen when it was postulated on 2003. 
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